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Abstract: Glucocorticoids (GCs) play a critical function in neonatal lung growth and maturation though the long-term dose-dependent
effects of GCs on lungs are still ambiguous. The purpose of the present study is to explore the morphologic and morphometric changes
in broiler lungs in reaction to dietary GC. Day-old chicks (DOCs) were purchased and divided into four groups at random i.e. one
control group (C) and three experimental groups (E1, E2, and E3). Commercial broiler feed was provided to both the control and
experimental groups where the feed of the experimental groups contained GC, dexamethasone (DEX) at the rate of 3, 5, and 7 mg/
kg in E1, E2, and E3 groups, respectively. Lung (left) samples were collected on days 7, 14, 21, and 28. After recording the gross
morphologic and morphometric data, the tissue samples were processed for histological investigation. In the gross morphological
study, congested lung with reddish to blackish discoloration was seen in experimental broilers. The gross morphometric study revealed
a significant decrease in weight, length, and width of the lung. In the histomorphologic study, the lung of experimental broilers revealed
vascular and parabronchial lumen congestion. Mild to the severe edematous lesion was also found evident along with the absence of
distinguishable inter parabronchial septa. Degeneration of lung parenchyma with the appearance of lipid droplets, inflammatory cell
infiltration, and fibrosis was seen to some extent. The histomorphometric investigation revealed a significant decrease in the diameter
of the parabronchus as well as the thickness of the parabronchial wall. The study results suggest that dexamethasone may adversely alter
the gross and histological characteristics of broiler lungs.
Key words: Glucocorticoid, dexamethasone, broiler, lungs, morphology, morphometry

1. Introduction
Poultry meat production has exploded in recent decades
to meet the ever-increasing protein demand of the world’s
rising population. To meet this increasing demand,
accretion of broiler growth rate was a matter of evermore
research interest to the breeders. Feed accounts for a
large portion of broiler production costs, which is more
than 70% of the total expenditure required for broiler
production [1]. The growth of broiler is influenced by
the genetic characteristics, nutrition, feed conversion
efficiency, age, and rearing conditions [2]. Nonetheless,
numerous growth promoters are regularly used illegally
in livestock singly or in combination with different illicit
drugs [3]. Illegal use of steroid growth promoters and
their residues in food products can result in detrimental
effects on children’s mental and physical growth, female
fertility and cause cancer, damage of vital organs like

brain, liver, kidney, heart, etc. [4]. Long-term use of
these drugs may be associated with more serious human
health consequences like osteoporosis, aseptic joint
necrosis, adrenal insufficiency, gastrointestinal, hepatic,
and ophthalmologic effects, hyperlipidemia, growth
suppression, and possible congenital malformations [5]. In
clinical veterinary medicine, GCs have broad therapeutic
applicability. They are frequently used in premature
infants for prompt maturation of lungs to avoid neonatal
respiratory distress syndrome [6]. However, a great deal
of experiments has been done to explore the impacts of
exogenous GCs on several aspects of lung biology [6–8].
The fine structures of lung parenchyma are
constructed to meet the oxygen demand of the individual.
Therefore, any alterations in these structures will lead to
diminishing gas exchanging area which will eventually
lead to insufficient oxygen saturation in the blood [7].
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Glucocorticoid receptors (GRs) are found practically in
all organs, including the lungs, and are responsible for
the actions of GCs [9]. GCs mainly bind to the dormant
cytoplasmic GRs of the target cells and generate complex
bonding of GC-GR. These GC-GR complexes are then
transferred into the cell nucleus, where they exert their
effects either directly or indirectly [10]. In addition to
the potent antiinflammatory properties of GCs, previous
research findings have also shown that glucocorticoids
could ameliorate acute lung injury [8]. Albeit, the results of
experimental versus clinical investigations are frequently
disputed because animal trials have shown negative effects
of GCs on lung development and histomorphology [11].
Reddish hemorrhagic spots on the lung surface in response
to DEX treatment were elucidated in the previous study
[12]. Side effects can occur at a wide range of doses and
depend on how the medication is administered. Long term
adverse effects of recurrent or high dose GC treatment
include decreased lung growth and changes in lung
histomorphometry [13].
For maintaining proper functionality and livability,
every cell of the body requires oxygen. By distributing
oxygen from inhaled air into the blood, the lung plays
a critical role in the animal body. Hence, a healthy and
efficiently functioning lung is essential for optimum
growth and survival of the broiler. Our recent literature
search has revealed that information related to GCassociated side effects was scarce because a majority of
the studies were based on the curative roles of GCs rather
than the onset and surveillance of side effects. So much
research has been done on human and laboratory animals,
especially on rats, to explore the role of GC on lung growth
and maturation, recovery from severe pulmonary damage,
or severe respiratory problems. Impacts of dietary GC
(DEX) on the liver, thymus, spleen, and bursa of Fabricius,
and blood profile in broilers were previously investigated
[14–16]. But the dose-dependent long-term influence of
dietary DEX exposure on broiler lungs is not yet clear.
So, we inferred that prolonged supplementation of DEX
with diet will possibly alter the gross and histological
attributes of broiler lungs. To examine this inference, we
designed this study to compare different parameters of
the lung (i.e. gross morphology, histomorphology, and
histomorphometry) in broilers treated with three different
doses of DEX with the control group.
2. Materials and methods
2.1. Statement of the study
The experimental broilers were raised in the poultry
rearing shed and the rest of the experiment was performed
in the molecular lab of the Department of Anatomy and
Histology, Bangladesh Agricultural University (BAU),
Bangladesh.
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2.2. Ethical approval
The present study was performed following the institutional
standards for the care and use of animals, commenced
by the Animal Welfare and Experimentation Ethics
Committee, BAU, Bangladesh [AWEEC/BAU/2021(3)].
2.3. Animal model
A total of 80 DOCs of Cobb-500 strain was collected
from Provita Hatchery Limited, Bangladesh. All the
DOCs appeared to have good health without any visible
abnormalities. To mitigate transportation-induced stress,
vitamin-C mixed fresh and cool drinking water was
supplied to the DOCs after arrival. Then the DOCs were
randomly categorized into four homogenous groups
(20 DOCs/group) and housed in individual cages with
appropriate bedding materials. The length and width of
each cage were 5 feet, and 4 feet, respectively. One group
was then designated as the control group (C) and the other
three groups were designated as E1, E2, and E3. Brooding
temperature (95 °F) was maintained from day 1 to day
3, followed by a continual decrease of 5 °F temperature
on each day, and finally, 70° ± 2 °F temperature was
maintained up to the 28th day. The relative humidity in
the shed was maintained between 50%–60% during the
experiment. Proper ventilation was ensured to rule out
hypoxic stress.
2.4. Feeding strategy
Antibiotic or growth-promoter-free broiler feed was
purchased from Nourish Poultry and Hatchery Limited,
Bangladesh. Feed ingredients and pellet size of the broiler
diet were selected to meet the nutritional demand at
various stages of growth [14]. The composition of the
ration is shown in Table 1. Ad libitum feed supply was
ensured throughout the experiment.
2.5. Experimental feeding trial
Exogenous GC, dexamethasone (Decason®, BP 0.5 mg,
Opsonin Limited) was supplied with feed in three different

Table 1. Composition of ration.
Nutrient

Starter

Grower

Metabolizable energy (kcal/kg)

3000

3050

Crude protein (%)

20

19

Calcium (%)

0.95

0.9

Phosphorus (5)

0.45

0.42

Crude fiber (%)

5

4

Lysine (%)

1.05

1

Methionine (%)

0.45

0.42

Vitamin and mineral (%)

Ad libitum

Ad libitum

Humidity (%)

12

12
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doses “i.e. 3 mg/kg in group E1, 5 mg/kg in group E2,
and 7 mg/kg in group E3”. Proper care and continuous
monitoring were performed to assure that each bird is
receiving the intended amount of DEX with feed.
2.6. Sample collection
Specimens were collected at 7, 14, 21, and 28 days of the
experiment. Five birds from each group were sacrificed
manually on each sampling day by the cervical subluxation
method. To study the impacts of dietary DEX on lungs,
the left lung was gently removed from the thoracic cavity
following immediate dissection. Physiological saline
(0.9%) was used to wash the samples. Tissue fixation was
done with a 10% solution of buffered formalin.
2.7. Gross study
For the gross morphologic and morphometric study,
the color, weight, length, and width of the lung were
investigated. The color of the lungs was compared between
the control and experimental groups by eye observation.
The lung specimens were weighed (gm) using a high
precision balance (FGH Series, AND Company Limited,
Korea), and length and width (cm) were measured by a
graded scale. After careful removal of the lung from the
rib cage of the broiler, it was placed on a flat tray and the
measurements of lengths and widths were taken.
2.8. Histomorphological study
The collected specimens were processed and stained
(Hematoxylin and Eosin; H & E) following the method
mentioned in the previous study [15]. To avoid personal
variation and biases, all stained tissue sections were
labeled anonymously and investigated by one individual.
The histomorphological attributes of lungs tissue sections
were studied using a light microscope (Leica DMR; Leica
Microsystems, Wetzlar, Germany) under low (100X) and
high (400X) magnifications.
2.9. Histomorphometric study
For the histomorphometric investigation, the longest
and shortest diameter of parabronchi, as well as the
thickness of the parabronchial wall were measured
from the histological sections by using a calibrated
stage micrometer. The sections were placed under the
microscopic lens and adjusted in the x and y directions of
the scale bars of the eyepiece and then the measurements
were taken. A total of 15 parabronchi were considered
from each tissue section which was chosen at random.
Thus, a total of five tissue sections were evaluated from all
the groups. The unit of measurement was a micrometer
(µm).
2.10. Photomicrographs
Photomicrographs were taken by photomicroscope
(Model: CX41U - LH50HG, Olympus Corp., Tokyo,
Japan) from ten different microscopic fields (which
were chosen at random) under low (100X) and high

(400X) magnifications for a better presentation of the
histomorphologic and histomorphometric findings.
2.11. Statistical analyses
Analysis of all the experimental data recorded from the
macroscopic and microscopic investigation was performed
by IBM SPSS Statistics 22. Shapiro-Wilk test was done to
see if the data were normally distributed. In all cases, data
were presented as mean ± standard error of the mean
(SEM). Comparison between different groups of broilers
was done by one-way ANOVA with posthoc Duncan’s
multiple range test. A probability value (p) of 0.05 or less
was considered statistically significant.
3. Results
3.1. Gross morphological and morphometric alterations
The gross morphological alterations and morphometric
data of lungs of both control and treatment groups are
shown in Figure 1. The lungs of all the groups were located
in the craniodorsal part of the thoracic cavity, deeply
indented by thoracic vertebrae and ribs. The control
group exhibited reddish-pink color lungs whereas the
experimental groups revealed dark reddish to blackish
color with varying degrees of congestion. Accumulation
of adipose tissue was also seen on the surface of the lungs
with a glossy appearance (Figure 1A).
On day 7, the weight of the lung was significantly (p
< 0.05) less in the DEX treated groups as compared to
group C. Though the weight was lower in the higher dose
groups than in group C, it was statistically insignificant.
The length of the lung was also significantly (p < 0.05)
less as compared to group C whereas the width of the
lung showed only a numerical decrease. There was no
significant variation among the DEX treated groups.
On day 14, all the gross morphometric parameters
of the lung were significantly (p < 0.05) decreased in all
the DEX treated groups. In case of experimental groups,
a significant (p < 0.05) difference in the weight of the
lungs was found between the E1 and E3 groups where the
value was less in group E3 than in group E1. A numerical
decrease in the length of the lung was seen from lower dose
to higher dose group which was not statistically significant
(p < 0.05). The width of the lung was significantly (p <
0.05) higher in group E2 than in group E1.
On day 21, all the gross morphometric parameters of
the lung were significantly less (p < 0.05) in the DEX treated
groups as compared to group C. No significant variation in
the weight and width was seen between the DEX treated
groups. The length of the lung was significantly less (p <
0.05) in groups E2 and E3 as compared to group E1.
On day 28, the weight of the lung was significantly (p <
0.05) less in the DEX treated groups as compared to group
C but no significant variation was seen between the DEX
treated groups. There was a significant decrease (p < 0.05)
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Figure 1. A. Gross view of broiler left lung during collection of samples at day 28. A1-Lung of the control group, C; A2-Lung of the
experimental group 1, E1; A3-Lung of the experimental group 2, E2; A4-Lung of the experimental group 3, E3. C-Congestion in the
Figure
1. A. Gross
view
of broiler left
lungsurface
duringofcollection
sample
at day glucocorticoid
28. A1 - Lung on
of the
group,length
C; A2(cm)
lung,
Ad-Adipose
tissue
accumulation
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the lung. of
Effects
of dietary
the control
weight (gm),
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the experimental
1, E1;broiler
A3 - Lung
of theinexperimental
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2, E2; A4 -Data
Lungwere
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experimental
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width
of left lung in group
DEX treated
are shown
figure B, C, and
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as meangroup
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Columns
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3, E3. with
C - different
Congestion
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onfrom
the each
surface
of the lung. Effects of dietary

glucocorticoid on the weight (gm), length (cm) and width (cm) of left lung in DEX treated broiler is shown in figure B,
C, and D, respectively. Data were expressed as mean ± SEM. Columns with different alphabetic superscripts are
in significantly
length in the(pDEX
treated groups from group C but the
on different days of the experiment. Exfoliation of atrialis
< 0.05) different from each other.

length was numerically increased from lower to higher
dose group. The width was also decreased significantly
(p < 0.05) in group C but increased in E2 and E3 groups
significantly from the E1 group.
3.2. Histomorphological alterations
The histomorphological alterations are shown in Figures
2–5. In group C, the lung parenchyma was arranged into
tubular parabronchi. The parabronchi were separated by
thin fibrous septa. There were blood vessels in between
the parabronchi within the septa. There were shallow
atria towards the luminal side of the parabronchi lined
by epithelial ridges. A smooth muscle bundle called
Muscularis Atriales was seen over the epithelial layer.
There were tubule-shaped pneumocapillaries with their
complex network-like branches arising from the atria.
Parabronchial lumens were found congested in E1, E2
groups on day 7 and E1 group on day 14. Parabronchial
lumens were also dilated in the E1 group on day 28. No
distinguishable septum was seen in the DEX treated groups
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muscle was seen in the E1 and E2 groups on day 28. There
was serofibrinous exudate within the parabronchial lumen
in the E1, E2 groups on day 7 and the E3 group on day 28.
Serofibrinous exudates were also seen in the empty spaces
created due to degenerated lung parenchyma surrounded
by fibrous connective tissue in E1, E3 groups on day 14.
Congested arterioles and veins with thickened venous walls
were seen in all the DEX treated groups on different days
of the experiment. Congestion of the pneumocapillaries
was also found. There was extravasation of blood into the
parabronchial lumen in the E2 group on day 28.
Mild to severe edema in the parenchymal region as
well as in the parabronchial lumen was seen in all the
experimental groups on days 7, 14, 21, and 28. Excessive
edematous areas were seen in the E2 group on days 14, 21,
and E2, E3 groups on day 28. A small amount of fibrous
connective tissue proliferation was seen in the E3 group on
days 7, 14, and 21 which was found more extensive on day
28. Lipid droplets were found within the lung parenchyma
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of Muscularis
Atriales,
BV - Blood vessels,
C - Congestion,
CB
EBPL-Extravasation
of blood
into
lumen, SFEexudate, Ed-Edema,
EB-Extravasation
of blood, LD-Lipid
- Capillary
blood,
VCparabronchial
- Venous congestion,
CASerofibrinous
- Congested arterioles,
CPL - Congested
parabronchial
droplets, F- Fibrosis,
IC-Inflammatory
cells, DA-Degenerative
area.- Extravasation of blood into parabronchial lumen,
lumen, dPL
- Dilated parabronchial
lumen, EBPL
SFE - Serofibrinous exudate, Ed - Edema, EB - Extravasation of blood, LD - Lipid droplets, F Fibrosis, IC - Inflammatory cells, DA - Degenerative area.
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on days 7, 14, 21, and 28. Area of parenchymal degeneration
was seen on day 7 and found more explicitly later on,
especially in the E3 group on day 28. The formation of
granuloma with centrally located hemolyzed blood was
seen in the E3 group on days 7 and 14. A mild degree of
inflammation was seen in the E1 group on day 14 and the
E3 group on day 28.
3.3. Histomorphometric alterations
The histomorphometric data on the diameter of the
parabronchial lumen and the thickness of the parabronchial
wall are shown in Table 2. In the histomorphometric study,
both the diameter of the parabronchus and the thickness
of the parabronchial wall decreased gradually.
On day 7, the longest diameter of the parabronchus
was significantly less (p < 0.05) in all the DEX treated
groups than the group C. The longest diameter was also
significantly (p < 0.05) less in group E2 and E3 than in
group E1. The shortest diameter of parabronchus also
decreased numerically in all the DEX treated groups
but a significant (p < 0.05) decrease was seen in E2 and
E3 groups. The thickness of the parabronchial wall was
decreased numerically in all the experimental groups
which was not statistically significant.
On day 14, both the diameter of the parabronchus and
the thickness of the parabronchial wall were significantly
(p < 0.05) decreased as compared to group C. In case of
DEX treated groups, only a significant (p < 0.05) difference
in the longest diameter was found between E2 and E3
groups.
On days 21 and 28, the results were consistent with
day 14 but no significant dose-dependent difference was
observed.
4. Discussion
Both endogenous and exogenous GC based therapeutics
like DEX play a major role in the development and
maturation of lungs [6]. However, the adverse effects of
GC on broiler lungs in relation to dosing rate and duration
are not well documented. The current study was designed
to investigate the roles of different doses of exogenous GC,
DEX on the gross morphology and morphometry as well
as the histomorphology and histomorphometry of broiler
lungs. The lung of the control group displayed normal
gross attributes and histomorphological architecture as
mentioned in the previous studies [17,18]. On the contrary,
the findings of our study indicate that dietary DEX causes
salient gross and histological changes in broiler lungs.
4.1. Gross alterations
In the gross morphological investigation, congested lung
with darkish discoloration was seen in the broilers of the
experimental groups which is in line with the previous
findings [12]. Deposition of fat on the surface of the lungs
was seen on day 28. GC up-regulates hepatic lipogenesis

and causes fat deposition in visceral organs [19]. The
fat deposition amplifies the incidence of pulmonary
hypertension which may alter pulmonary functionality
[20]. Despite the role of GC in postnatal growth,
development, and maturation of the lungs, the weight
of the lung was also decreased significantly as compared
to group C. The length and width of the lung were also
found significantly lesser than the group C. Decreased
lung volume in response to DEX treatment was also
mentioned in previous study report [11]. These findings
are rational because GC does not improve the overall
growth performance or bodyweight of broilers [7,16].
4.2. Histomorphological alterations
In the histomorphological investigation, vascular
congestion was seen in all the experimental groups.
Previous reports suggest that GC is responsible for
increased sodium retention which leads to hypertension
[21]. This increased blood pressure may be the underlying
cause of pulmonary vascular congestion [22]. The lung
parenchyma as well as the parabronchial lumen were also
found congested. This may be due to endothelial cell injury
as endothelial cells play a fundamental role in maintaining
the fluid barrier. They regulate the permeability of the
pulmonary blood vessels through a potent mechanism
known as the ‘fail-safe’ mechanism [23]. In case of
increased vascular permeability induced by endothelial
cell damage, there may be extravasation of blood into
the lung parenchyma as well as parabronchial lumen
which also provides a clear explanation of our research
findings. The appearance of mild edematous condition
in the earlier events with severe pulmonary edema, later
on, was seen in the experimental groups. Pulmonary
edema is mainly caused by a breakdown of the epithelial
barrier which leads to increased pulmonary permeability
[24]. Increased hydrostatic pressure in the pulmonary
capillaries modulated by hypertension, may also act in
concert with the mechanism mentioned earlier. Increased
pulmonary permeability not only drains edematous fluid
into the lung parenchyma but also drains macromolecules
or plasma proteins [25]. This mechanism justifies the
presence of extravasation of serofibrinous exudates within
the parabronchial lumen and lung parenchyma.
In the experimental groups, no distinguishable septum
was seen in between the parabronchi as in group C. This
finding is in line with the previous findings where a
noticeable reduction of septal volume in reaction to GC
treatment was mentioned [11]. This may be due to the
GC-induced precocious microvascular maturation of
parenchymal septa that arrests septal development [7].
For the development of gas exchanging areas, existing
airspaces are needed to be subdivided by the formation of
septa. Degeneration of lung parenchyma was seen to some
extent though an increase in lung parenchymal volume in
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Table 2A. Histomorphometric data on parabronchi of broiler lungs on day 7 and 14.

Groups

Day 7

Day 14

LDG

SDG

TPW

C

562.6 ± 36.73

403.1 ± 8.45

E1

472.7 ± 9.83b

E2
E3

LDG

SDG

TPW

122.16 ± 10.59

909.15 ± 75.75

623.5 ± 25.43

356.7 ± 24.95b

109.12 ± 5.91a

498.8 ± 21.8bc

353.8 ± 7.39b

394.4 ± 14.24

316.1 ± 12.47

115.79 ± 4.64

530.7 ± 22.74

395.85 ± 21.46

120.38 ± 8.62b

388.6 ± 18.57c

278.4 ± 15.48c

83.37 ± 5.09b

394.4 ± 14.06c

333.5 ± 21.14b

114.19 ± 6.59b

a

a

c

a

bc

a

a

b

297.98 ± 35.51a

a

123.98 ± 10.59b
b

LDG-Longest diameter of parabronchus, SDG-Shortest diameter of parabronchus, and TPW-Thickness of parabronchial wall
a,b,c
Values with different superscripts in the same column indicate significant (p < 0.05) difference between each other.
Table 2B. Histomorphometric data on parabronchi of broiler lungs on day 21 and 28.

Groups

Day 21

Day 28

LDG

SDG

C

819.25 ± 22.93a

646.7 ± 26.18a

E1

471.25 ± 27.51

E2
E3

TPW

LDG

SDG

297.98 ± 21.09a

994.7 ± 59.76a

402.45 ± 21.17

137.39 ± 6.84

520.55 ± 46.56b

392.95 ± 67.56b

443.7 ± 43.16

369.75 ± 28.81

b

b

b

b

TPW

784.45 ± 31.3a

348 ± 24.02a

523.45 ± 34.95

414.7 ± 38.53

146.45 ± 8.78b

148.99 ± 11.5b

639.45 ± 53.3b

449.5 ± 28.36b

174.73 ± 11.66b

112.01 ± 7.83

606.1 ± 49.04

437.9 ± 24.97

164.58 ± 16.72b

b

b

b

b

b

b

LDG-Longest diameter of parabronchus, SDG-Shortest diameter of parabronchus, and TPW-Thickness of parabronchial wall
a,b
Values with different superscripts in the same column indicate significant (p < 0.05) difference between each other.

response to GC treatment was described in the previous
study [11]. There was also a mild degree of fibrosis with
thickening of the vascular wall and inflammation. The
vascular wall thickening may be due to the fibrosis induced
by endothelial damage. The presence of inflammatory
cells within the parenchyma also suggests cellular damage
and degeneration in those areas. Exfoliation of atrialis
muscle was seen in some events which may be due to the
degeneration of the underlying epithelial lining.
A varying degree of fatty change marked by the
presence of lipid droplets throughout the parenchyma
was observed in the DEX treated groups, especially in the
lower dose group. Long-term exposure to GC at a lower
dose promotes lipogenesis whereas exposure to GC at a
higher dose induces lipolysis [26]. This mechanism clearly
justifies our findings. Accumulation of excess lipid in
the lungs reduces overall respiratory function, enhances
pulmonary resistance resulting in hypoventilation
syndrome, affects the diffusion of gases through lung
parenchyma, and reduces the strength of the respiratory
muscle [27]. Formation of granuloma was seen in the
high dose group on days 7 and 14. This may be due to
the severe inflammation induced by cellular damage and
extravasated hemolyzed blood into the lung parenchyma.
However, GC is supposed to have a role in preventing
granuloma formation [28].

626

4.3. Histomorphometric alterations
In the histomorphometric investigation, the diameter of
the parabronchi of DEX treated lungs showed a significant
difference from group C. Significant differences between
the experimental groups were seen only on days 7 and
14. This indicates that lower doses can possess similar
deleterious effects as higher doses in case of long-term
exposure. These findings mismatch the findings mentioned
in the previous study report where improvement of lung
morphology and function was reported in case of low-dose
GC treatment [29]. Nonetheless, these findings comply
with the histolomorphogical findings described earlier.
The parabronchial wall thickness was also significantly less
in the DEX treated groups as compared to group C which
is in line with the previous findings [13]. The decrease in
parabronchial diameter and parabronchial wall thickness
points out the decrease in gas exchange area in the lung. In
the earlier study, a 19.13% reduction in oxygen uptake was
reported in the DEX treated rats (0.093 mL O2/min/mmHg)
compared to the control group (0.115 mL O2/min/mmHg)
after four days of treatment [11]. Reduced gas exchange
in the lungs will cause hypoxemia and hypercapnia which
may lead to brain damage or death [30].
Looking at the summary of the current study’s findings,
it is obvious that DEX therapy alters the macroscopic and
microscopic characteristics of broiler lungs. Congestion in the
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lung with discoloration was seen in the gross study. The gross
morphometric parameters were also reduced significantly in
the DEX treated groups. Vascular and parabronchial lumen
congestion along with varying degrees of the edematous
lesion was evident in the histomorphological study.
Degenerated lung parenchyma, lipid droplets, inflammatory
cell infiltration, and fibrosis were also seen to some extent.
Both the diameter of parabronchus and parabrachial wall
thickness was also significantly decreased in the treatment
groups. These adverse impacts of DEX on lung parabronchus
and parenchyma may lead to diminished gaseous exchange,
hypoxia, and ultimately respiratory failure and death.
However, further study is recommended to picture the
pulmonary functionality in response to DEX treatment.

Acknowledgment/disclaimers/conflict of interest
The current study was funded by Bangladesh Agricultural
University Research System (BAURES), Bangladesh
Agricultural University, Mymensingh, Bangladesh [grant
number: 2020/57/BAU]. We are thankful for the technical
facilities provided by the Department of Anatomy and
Histology, Faculty of Veterinary Science, BAU, Bangladesh.
We are also extending our appreciation to the Department
of Parasitology, Faculty of Veterinary Science, Bangladesh
Agricultural University, Mymensingh, Bangladesh, for the
research assistance.
The authors have no conflict of interest that may
influence the conduction of the research or the presentation
of the research findings.

References
1.

Aggrey SE, Karnuah AB, Sebastian B, Anthony NB. Genetic
properties of feed efficiency parameters in meat-type
chickens. Genetics Selection Evolution 2010; 42 (1): 1-5. doi:
10.1186/1297-9686-42-25

10.

Stahn C, Löwenberg M, Hommes DW, Buttgereit F.
Molecular mechanisms of glucocorticoid action and selective
glucocorticoid receptor agonists. Molecular and Cellular
Endocrinology 2007; 275 (1-2): 71-78. doi: 10.1016/j.
mce.2007.05.019

2.

Torok VA, Hughes RJ, Ophel-Keller K, Ali M, MacAlpine
R. Influence of different litter materials on cecal microbiota
colonization in broiler chickens. Poultry Science 2009; 88 (12):
2474-2481. doi: 10.3382/ps.2008-00381

11.

Cannizzo FT, Spada F, Benevelli R, Nebbia C, Giorgi P et al.
Thymus atrophy and regeneration following dexamethasone
administration to beef cattle. Veterinary Record 2010; 167 (9):
338-343. doi: 10.1136/vr.c3303

Tschanz SA, Makanya AN, Haenni B, Burri PH. Effects of
neonatal high-dose short-term glucocorticoid treatment
on the lung: a morphologic and morphometric study in the
rat. Pediatric Research 2003; 53 (1): 72-80. doi: 10.1203/01.
PDR.0000041513.93422.C8

12.

4.

Elmajdoub A, Garbaj A, Abolghait S, El-Mahmoudy A.
Evaluation of boldenone as a growth promoter in broilers:
safety and meat quality aspects. Journal of Food and Drug
Analysis 2016; 24 (2): 284-292. doi: 10.1016/j.jfda.2015.12.001

Salman RJ, Hassooni ZA. Morphological and Histological
effect induced by each of Cefotaxime, Dexamethazon and
mixture of them to the stomach, liver, kidney and lung in rats.
Drug Invention Today 2020; 11 (12): 3313-3319.

13.

5.

Buchman AL. Side effects of corticosteroid therapy. Journal
of Clinical Gastroenterology 2001; 33 (4): 289-294. doi:
10.1097/00004836-200110000-00006

Bolt RJ, Van Weissenbruch MM, Lafeber HN, Delemarre‐Van
De Waal HA. Glucocorticoids and lung development in the
fetus and preterm infant. Pediatric Pulmonology 2001; 32 (1):
76-91. doi: 10.1002/ppul.1092

6.

Gerber AN. Glucocorticoids and the lung. Advances in
Experimental and Medical Biology 2015; 872: 279-298. doi:
10.1007/978-1-4939-2895-8_12

14.

7.

Tschanz SA, Haenni B, Burri PH. Glucocorticoid induced
impairment of lung structure assessed by digital image
analysis. European Journal of Pediatrics 2002; 161 (1): 26-30.
doi: 10.1007/s00431-001-0852-1

Sultana N, Afrose M, Rafiq K. Effects of steroid growth
promoter on morphological and biochemical adaptations in
liver of broiler. Veterinary World 2020a; 13 (11): 2330-2337.
doi: 10.14202/vetworld.2020.2330-2337

15.

Sultana N, Amin T, Afrose M, Rony SA, Rafiq K. Effects
of Dexamethasone on the Morphometry and Biometry of
Immune Organs of Broiler Chicken. International Journal of
Morphology 2020b; 38 (4): 1032-1038. doi: 10.4067/S071795022020000401032

16.

Afrose M, Sultana N, Islam MR. Physiological responses of
corticosteroid, dexamethasone in broiler chicken. International
Journal of Science and Research 2018; 7 (12): 1459-1463. doi:
10.21275/ART20193907

17.

Maina JN. Some recent advances on the study and understanding
of the functional design of the avian lung: morphological and
morphometric perspectives. Biological Reviews 2002; 77 (1):
97-152. doi: 10.1017/S1464793101005838

3.

8.

9.

He DK, Shen J, Zhang L, Huang WB. Effects of dexamethasone
pretreatment on expression of matrix metalloproteinase-9
in rats with acute lung injury induced by phosgene. Chinese
Journal of Industrial Hygiene and Occupational Diseases 2011;
29 (4): 289-293. PMID: 21941784.
Ackermann D, Gresko N, Carrel M, Loffing-Cueni D,
Habermehl D et al. In vivo nuclear translocation of
mineralocorticoid and glucocorticoid receptors in rat kidney:
differential effect of corticosteroids along the distal tubule.
American Journal of Physiology-Renal Physiology 2010; 299
(6): 1473-1485. doi: 10.1152/ajprenal.00437.2010

627

ISLAM et al. / Turk J Vet Anim Sci
18.

Makanya AN, Kavoi BM, Djonov V. Three-dimensional
structure and disposition of the air conducting and gas
exchange conduits of the avian lung: The domestic duck
(Cairina moschata). International Scholarly Research Notices
2014; 2014: 1-9. doi: 10.1155/2014/621982

19.

Cai D, Wang J, Jia Y, Liu H, Yuan M et al. Gestational dietary
betaine supplementation suppresses hepatic expression of
lipogenic genes in neonatal piglets through epigenetic and
glucocorticoid receptor-dependent mechanisms. Biochimica
et Biophysica Acta - Molecular and Cell Biology of Lipids 2016;
1861 (1): 41-50. doi: 10.1016/j.bbalip.2015.10.002

24.

Herrero R, Sanchez G, Lorente JA. New insights into the
mechanisms of pulmonary edema in acute lung injury. Annals
of Translational Medicine 2018; 6 (2): 32-48. doi: 10.21037/
atm.2017.12.18

25.

Ware LB, Matthay MA. Acute pulmonary edema. New England
Journal of Medicine 2005; 353 (26): 2788-2796. doi: 10.1056/
NEJMcp052699

26.

John K, Marino JS, Sanchez ER, Hinds Jr TD. The glucocorticoid
receptor: cause of or cure for obesity?. American Journal of
Physiology-Endocrinology and Metabolism 2016; 310 (4): 249257. doi: 10.1152/ajpendo.00478.2015

20.

Khajali F, Wideman RF. Nutritional approaches to ameliorate
pulmonary hypertension in broiler chickens. Journal of
Animal Physiology and Animal Nutrition 2016; 100 (1): 3-14.
doi: 10.1111/jpn.12315

27.

Mafort TT, Rufino R, Costa CH, Lopes AJ. Obesity: systemic
and pulmonary complications, biochemical abnormalities, and
impairment of lung function. Multidisciplinary Respiratory
Medicine 2016; 11 (1): 1-11. doi: 10.1186/s40248-016-0066-z

21.

Vitellius G, Trabado S, Bouligand J, Delemer B, Lombès M.
Pathophysiology of glucocorticoid signaling. In Annales
D’endocrinologie 2018; 79 (3): 98-106. doi: 10.1016/j.
ando.2018.03.001

28.

Grutters JC, Van den Bosch JMM. Corticosteroid treatment in
sarcoidosis. European Respiratory Journal 2006; 28 (3): 627636. doi: 10.1183/09031936.06.00105805

22.

Pappas L, Filippatos G. Pulmonary congestion in acute
heart failure: from hemodynamics to lung injury and barrier
dysfunction. Revista Española de Cardiología 2011; 64 (9):
735-738. doi: 10.1016/j.recesp.2011.05.006

29.

Willet KE, Jobe AH, Ikegami M, Newnham J, Brennan S et
al. Antenatal endotoxin and glucocorticoid effects on lung
morphometry in preterm lambs. Pediatric Research 2000; 48
(6): 782-788. doi: 10.1203/00006450-200012000-00014

23.

Dvorak HF. Vascular permeability to plasma, plasma proteins,
and cells: an update. Current Opinion in Hematology 2010; 17
(3): 225-229. doi: 10.1097/MOH.0b013e3283386638

30.

Yang W, Zhang X, Wang N, Tan J, Fang X et al. Effects of acute
systemic hypoxia and hypercapnia on brain damage in a rat
model of hypoxia-ischemia. PLoS One 2016; 11 (12): 1-17. doi:
10.1371/journal.pone.0167359

628

